Abstract. In this study, frequency separation maximization and radiation acoustic power minimization of the laminated plate are simultaneously considered based on genetic algorithm. A double-objective genetic algorithm is used to obtain Pareto-optimal designs for frequency separation maximization and radiation acoustic power minimization. A four-layer laminated plate is used as an example, and the numerical simulations show that different weight coefficient ratios are chosen, Pareto optimal solution of double objective of the laminated plate are obtained.
Introduction
Because of their lightweight and many superior properties, laminated composite plates or panels have been widely used in the construction of vehicle, aircraft and spacecraft structures. In order to decrease the likelihood of resonance, some of researchers focused on maximizing the natural frequency or maximizing frequency separation between natural frequencies. For example, Y. Narita et al [1] studied the optimal design of thin laminated plates and obtained results for maximum fundamental frequency using finite element method to determine the frequency response. Abdalla et al [2] considered maximization of the natural frequency of composite panels. The variation of the stiffness properties was parameterized using lamination parameters, and the fundamental frequency was predicted based on classical lamination theory. In addition, there has been much research on acoustic power optimization of laminated composite plates. Wodtke et al [3] studied the acoustic radiation of damping sandwich ring structure, and the optimal objective was the acoustic radiation power minimum.
The objective of the present study is to find the optimum stacking sequence that gives the maximum frequency separation and minimum sound power for the fiber composite laminated plates.
Sound Power Analysis of Laminated Plates
Consider a planar structure vibrating with an angular frequency  and radiating sound into the upper half space V exterior to the panel surface S for 0  z . The density of the medium is  , and the sound speed is c . The surface area of the vibrating plate is S . The plate is divided into J elements with equal areas. The vector of the normal velocities of each element is denoted as ()  U . The acoustic power can be expressed as [4] 
Natural Frequency Analysis of Laminated Plates
Based on the layer-wise theory, each laminate in the direction of the thickness needs to be interpolated, and the laminated plate geometry and coordinate system are shown in Figure 1 . The displacement of the laminated plate can be written as [5] : 
where N is the unit shape matrix.
According to finite element theory, the total power equation can be obtained.
where M is the unit mass matrix, C is the damping matrix, K is the unit stiffness matrix, and F is the element nodal force matrix.
From Eq. (6), the surface normal displacement vector X can be determined, and the normal velocity vector 
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Numerical Examples
Formulation of the Optimization Problem
The problem of the multi-objective optimization is defined in the following mathematical form:
. . :
where: V-min is denoted vector minimization, i.e., each sub-objective function of vector objective function
is expected to tend to be minimized as possible. The genetic algorithm based on objective weight is used in this paper. Each sub-objective function has own weight coefficient, these the sum of each sub-objective function multiply by own weight coefficient is new one objective function. The multi-objective function weight problem is defined in the following form,
is each sub-objective function non-negative weight coefficient, and satisfy 
Results and Discussion
The physical properties of the four-layer laminate plate are presented in Table 1 Table 2 . The four discrete orientation angles are -45º,0º,45º, and 90º. . So the three weight coefficients 1  、 2  are respectively selected in this paper. Table 3 at the exciting force frequency is equal to 200Hz. Table 2 and Table 3 show that with Table 4 .
In addition, from Table 3 to Table 4 , when the weight coefficient ratio 
Conclusions
In this paper, the maximum the natural frequency separation and minimum acoustic power for a four-layer laminated plate is optimization using genetic algorithms. Pareto-optimal solutions can be obtained by the weight coefficients. The different weight coefficient ratios are selected and the optimum orientation angle design can be acquired by using different angle increment interval of laminated plate. The optimum results can be improved the vibration and acoustic character of the laminated plate.
